During the research, cumulative properties of conifer needles P. armandii, P. banksiana, P. mugo, P. nigra, P. sylvestris and P. wallichiana in reference to Cu, Ni, Mn, Fe, Zn and Cd were analysed, and the factors which have an impact on the chemical composition of the bark of those species were identified. During the study, the age of needles and the content of the examined components in soil was taken into consideration. The content of metals in the needles varied, depending on a species and the age of the coniferous needles. In most cases, a higher level of content of those metals was determined in 2 years old needles, except for Cu and Zn (P. banksiana) as well as Zn (P. nigra), in which case, higher concentration of metals in 1 year old needles was determined. The obtained results indicate that the heavy metals' concentration in the samples of needles was relatively low, except for Ni (P. armandii, P. sylvestris, P. wallchiana) and Cd (P. armandii, P. banksiana), which showed higher levels. Among the examined elements, Mn was accumulated in the largest volume in the needles of P. banksiana, Fe and Cu in the needles of P. wallchiana, Ni in the needles of P. sylvestris, Zn in the needles of P. nigra and Cd in the needles of P. armandii. The bark samples represented a clearly acidic reaction, with pH levels from 3.7 (P. sylvestris) to 4.9 (P. armandii). The highest quantities of Mn, Fe, Cu and Cd were accumulated by the bark of P. armandii, Ni in the bark of P. sylvestris and Cu in the bark of P. mugo.
and Casal 2006), nutritional requirements (Parzych and Sobisz 2012) , production and use of timber (Espelta et al. 2003) , quantity and quality of the organic litterfall as a source of nutritional components (Astel et al. 2009 ), impact of the tree crowns on the properties of soil (Polláková et al. 2015) , as well as monitoring research. In Poland and in many European countries, 1 year old needles and 2 years old needles of P. sylvestris and P. nigra as well as their bark are used for evaluation of the level of air pollution (Lamppu and Huttunen 2002; Yilmaz and Zengin 2003; Świercz 2006; Chrzan 2013; Jonczak 2013, 2014) . Tree needles absorb a series of chemical components that are necessary for supporting the vital processes, from soil and air (Migaszewski 1997) . The intake of nutritional components by trees is regulated by metabolic processes. For adequate growth and development, in addition to micro-components, trees need adequate quantity of micro-components; this role is played to a large extent by heavy metals. However, excessive concentration of these elements in the environment is undesirable and harmful for most trees. As per Augusto et al. (2002) , the species of coniferous trees absorb (about 35%) more components than leafy trees (25%) from the air due to a larger surface of the needles. The chemical composition of the needles is characterized by a specific variability resulting from the age of needles, a natural fertility of the habitat and the factors conditioning the intake of soil components. The bark of trees depending on the structure and porosity connected therewith, stops dusts and aerosols in the quantity proportional to its surface (Chrzan 2013) . Pinus nigra, in comparison to other species of coniferous trees, shows high tolerance for changes of pH of the soil (Arsova 1999) , while Pinus sylvestris to diversified abundance and moisture of the soil (Parzych and Jonczak 2013) . Additionally, the artificial planting of some species of Pinus is practiced more often in order to limit erosion of the soil (Pusz et al. 2015) , reconstruction of forests after fire (Espelta et al. 2003) and in order to improve the quality of degraded soils (Wójcik and Krzaklewski 2009) .
The aim of this research was to compare the accumulative properties of needles of Pinus armandii Franch., Pinus banksiana Lamb., Pinus mugo Turra, Pinus nigra J.F. Arn., Pinus sylvestris L. and Pinus wallichiana A.B. Jacks. in relation to Cu, Ni, Mn, Fe, Zn and Cd and to identify the factors shaping the chemical composition of the bark of such species. In the research, the age of needles and the content of examined components in the soil were taken into account.
MAterIAls And Methods

Research area
The research was conducted within the area of the forest at the University botanic garden (48°45' N, 21°19' E) in Košice (Slovakia) in the summer season in 2015. The garden was established in 1950 and at present its area is 30 ha. It is situated at an altitude of 218 to 370 m a.s.l. From the northern side, it is surrounded by natural forests. The vital part of the Park area (24 ha) is covered by forest communities with a participation of the species of the genera such as: Pinus: P. armandii, P. banksiana, P. mugo, P. nigra, P. sylvestris and P. wallichiana. These species were introduced in order to increase the stabilization of the bottom. The tree stands selected for the research are 40 to 45 years old now. Their average height is from 6.0 m (P. mugo) to 19.9 m (P. sylvestris), and the average breast height is from 34.0 cm (P. mugo) to 105.0 cm (P. sylvestris) (Tab. 1). The tree stands grow in the shallow soils of cambisol type (Mochnacký 2001; Kebel and Košťálik 2011) . The average annual air temperature over the examined area remains at the level of +8.4 °C, and the lowest temperatures are in January (-3.4 °C). The average annual volume of precipitation is 643 mm and comes in June. o C, grinded in the mortar and sieved through the sieve (1 mm). In the soil, the organic matter content was marked by using the method of roasting in a muffle furnace at a temperature of 550 o C and pH in a water solution in a weight proportion (1:2.5) by a potentiometer method. From each tree, samples of needles from the seventh whorl of weight 10-20 g were taken for the tests, separating the 1 year old needles from the 2 years old needles, as per the recommendations of ICP Manual Forest (Rautio et al. 2010) . After their transport to the laboratory, the needles were carefully washed in deionized water to remove any particulate matter. From the trunks of the trees, at the breast height (1.3 m), samples of the external layer of bark were taken (about 10 g). The bark and the needles were dried in paper bags at a temperature of 65 o C and were homogenized in a laboratory grinder (A11 IKA, Germany). The samples had been kept in tightly closed polyethylene bags till the time of analyses. In the samples of bark and needles, the pH was determined in a water solution in proportion 1:10 by means of the potentiometer method. In order to determine the metallic elements, the soil samples (1.0 g) and the samples of needles (0.5 g) and bark (0.5 g) were mineralized in the solutions of 65% HNO 3 and 30% H 2 O 2 in order to obtain clear and colourless solution. The samples with soil were drained. Then all the samples were supplemented with deionized water (Hydrolab, HLP 10, Poland) to a volume of 50 ml. 12.7 ± 2.1 11.2 ± 1.9 8.6 ± 2.4
10.4 ± 1.2 8.9 ± 1.8 8.1 ± 1.5
9.3 ± 2.0 6.4 ± 1.7 5.4 ± 1.1 11.6 ± 1.4 10.4 ± 2.0 9.7 ± 1.9
9.5 ± 1.0 8.2 ± 0.8 7.5 ± 1.1 8.5 ± 2.9 8.1 ± 1.5 7.6 ± 1.0 The Zn, Cu, Ni, Mn, Fe and Cd content was determined by the method of absorption atomic spectrometry using the Aanalyst 300 instrument (Perkin Elmer, USA). The tests were carried out following the original standards of Merck (KGaA,1g/1000ml). The metals were determined with the following wave lengths: 213.9 mm Zn, 324.8 Cu, 232.0 Ni, 279.5 Mn, 248.3 Fe and 228.8 Cd. All the analyses were performed in three replicates.
Statistical analysis
Distribution of physical and chemical data related to the soil, needles and bark was measured by means of application Shapiro Wilk test. The statistical validity between pH and the heavy metals content in the soil, needles and bark of the tested species of Pinus was established on the basis of a non-parametric Kruskall Wallis test (Tab. 2, 4; Fig. 1 have an impact on the chemical composition of the bark of the species of Pinus, the method of Principal Components Analysis was applied (PCA). All calculations and charts were prepared in Statistica 7.1 software. In order to provide quality control of the obtained results, an analysis of the certified reference material of the plants was made (CRM 060). The obtained results were within the limits of the error ± 3%.
results
Physicochemical properties of soil
The soils under the examined tree stand represented the slightly acidic and neutral reaction, showing little diversity depending on the depth (Tab. 2). An increased soil acidity along with the depth was observed under the tree stand of P. banksiana, which had an impact on the increase of bioavailability of manganese and iron for the root system and higher accumulation of Mn and Fe in the needles of that species (Fig. 1) . The organic matter content was diversified depending on the species from under which the soil samples were taken, as well as on the depth (Tab. 2). The highest content of the organic matter was discovered in the surface layers of the soil (0.0-0.2 m), from 8.5% under the tree stand of P. wallchiana to 12.7% under the crowns of P. armandii. In all the research stations, a decrease of organic matter along with the depth was discovered. The lowest content in the layer 0.4-0.6 m was found in the research stations of P. mugo (5.4%), and the highest under the tree stands of P. nigra (9.7%).
The content of heavy metals in the soil under the tree stands of Pinus was diverse depending on the species and depth of the layer. In the surface layer (0.0-0.2 m), the concentration of manganese remained at the level from 500.1 mg/kg (P. sylvestris) to 640.3 mg/kg (P. wallchiana), and in the layer of 0.4-0.6 m, from 508.3 mg/kg (P. sylvestris) to 716.4 mg/kg (P. banksiana) (Tab. 2). In the tested samples of soils, the lowest content of Fe was discovered under the tree stand of P. mugo, and the highest at the tree stands of P. banksiana. Under the tree stand of P. banksiana, an increase of Mn and Fe was observed in the deeper layers of the soil. In case of copper, the highest concentration was discovered in stations under the tree stand of P. wallchiana (from 69.7 mg/kg to 81.9 mg/kg), and the lowest in soil under P. nigra (30.1-32.8 mg/kg). The content of zinc in the surface layers of the soil remained at 73.6 mg/kg under the tree stand of P. sylvestris to 88.3 mg/kg at the tree stands of P. wallchiana. In the layer of 0.4-0.6 m, the concentration of Zn remained at a similar level as in the layer 0.0-0.2 m and was from 63.2 mg/kg (P. sylvestris) to 88.3 mg/kg (P. nigra). The lowest concentrations of Cd were discovered under the tree stand P. nigra (0.3-0.5 mg/kg), and the highest concentration was discovered in the case of P. armandii (1.5-1.7 mg/kg).
The Kruskal-Wallis test proved statistically significant differences in physical and chemical properties of the soils under the examined species of Pinus except for concentration of cadmium in the layers of the soil 0.0-0.2 and 0.2-0.4 m (Tab. 2).
Physicochemical properties of Pinus species
The needles of the examined species Pinus were characterized by diversity of pH, but both 1-year old and 2-years old needles represented a strongly acidic reaction. The highest level of acidity was characteristic in the needles of P. banksiana (pH: 4.00-4.18) and P. armandii (pH: 4.00-4.32), and the lowest in the needles of P. sylvestris (pH: 5.25-5.32) (Fig. 2) . In majority of the examined species, a slightly higher acidity was represented by 1 year old needles and 2 years old needles except for P. wallchiana; in this case, a reverse relation was observed. The content of metals in the needles was diversified depending on a species and the age of the needles.
In most cases, a higher metal content was found in the 2 years old needles, except for Cu and Zn (P. banksiana), and Zn (P. nigra), where higher concentration was discovered in 1 year old needles. The highest concentration of Fe was characteristic for the needles of P. wallchiana (1-year old -263.1 mg/kg, 2-years old -298.6 mg/kg), and the lowest content was found in the case of P. sylvestris (respectively 114.1 mg/kg and 140.9 mg/kg). The highest concentration of manganese was found in the needles of P. banksiana (respectively 182.4 mg/kg and 217.7 mg/kg), and the lowest in the needles of P. wallchiana (17.8 mg/kg and 21.3 mg/kg) (Fig. 1, Tab. 3) . The content of zinc in the examined samples were characteristic of the species and remained at the level 18.6-26.3 mg/kg in P. wallchiana, 48.7-55.0 mg/kg in P. armandii, 51.1-56.9 mg/kg in P. mugo, 47.4-54.2 mg/kg in P. sylvestris, 45.8-59.2 mg/kg in P. nigra and 53.9-57.1 mg/kg in P. banksiana (Fig. 1,  Tab. 3). The highest concentration of copper was discovered in the needles of P. wallchiana (10.9-11.2 mg/kg), and the lowest in P. nigra (3.7-5.5 mg/kg). Nickel was accumulated in the highest volume in the needles of P. wallchiana (15.8-16.6 mg/kg), and the lowest in the needles of P. banksiana (3.5-8.0 mg/kg). In the case of cadmium, the highest concentration was discovered in the needles of P. armandii (2.5 mg/kg), and the lowest in the needles of P. mugo (0.1 mg/kg), (Fig. 1, Tab. 3). The examined needles accumulated heavy metals in the volume changing in the decreasing sequences: The Pinus species under consideration were grouped by the application of Ward method on the basis of similarity in accumulation of heavy metals in needles and two main groups were separated. In group I -P. armandii, P. banksiana and P. sylvestris were found, and in the second group -P. mugo, P. nigra and P. wallchiana were found (Fig. 3) .
Physicochemical properties of bark
All samples of the examined bark had a strongly acidic reaction, having values of pH from 3.7 (P. sylvestris) to 4.9 (P. armandii) (Tab. 4). The heavy content of metals in the bark of the species Pinus was strictly dependent on the surface of the bark under consideration. Concentrations of Mn remained at the level from 13.0 mg/kg (P. nigra) to 67.3 mg/kg (P. armandii), and the iron content had the values from 253.8 mg/kg (P. wallchiana) to 1122.7 mg/kg (P. armandii). Zinc constituted substantially lower quantities in the bark having the values from 42.7 mg/kg (P. sylvestris) to 118.7 mg/kg (P. mugo). Nickel concentrations remained at the level from 41.4 mg/kg (P. wallchiana) to 90.6 mg/kg (P. sylvestris), and copper from 6.9 mg/kg (P. mugo and P. ni- Table 3 . The average ± standard deviation of heavy metals concentration (mg/kg) in the 1-year and 2-years needles of Pinus species
Species
Age of needles Mn Fe Cu Ni Zn Cd
Pinus armandii 1-year of needles 136.1 ± 1.5 152.3 ± 6.2 4.7 ± 0.3 15.6 ± 1.2 48.7 ± 1.5 2.5 ± 0.9 2-years of needles 158.4 ± 2.0 254.2 ± 8.1 6.1 ± 1.1 13.0 ± 2.3 55.0 ± 0.7 2.1 ± 0.1
Pinus banksiana 1-year of needles 182.4 ± 1.2 168.5 ± 6.6 10.3 ± 0.5 3.5 ± 1.9 57.1 ± 0.9 1.4 ± 0.9 2-years of needles 217.5 ± 3.0 270.5 ± 2.9 9.4 ± 0.3 8.0 ± 1.5 53.9 ± 1.8 2.5 ± 0.6
Pinus mugo 1-year of needles 41.4 ± 1.8 229.9 ± 8.6 7.9 ± 0.5 8.2 ± 1.3 51.1 ± 1.4 0.1 ± 0.1 2-years of needles 40.1 ± 0.5 250.8 ± 7.1 7.8 ± 0.9 10.6 ± 1.8 56.9 ± 0.6 0.1 ± 0.1
Pinus nigra 1-year of needles 19.8 ± 0.7 210.6 ± 7.8 3.7 ± 0.2 6.8 ± 3.2 59.2 ± 0.4 0.1 ± 0.0 2-years of needles 17.8 ± 2.2 220.7 ± 4.7 5.5 ± 0.3 7.5 ± 0.7 45.8 ± 0.5 0.2 ± 0.0
Pinus sylvestris 1-year of needles 97.6 ± 0.5 114.1 ± 6.9 5.2 ± 1.1 7.3 ± 3.2 54.2 ± 2.2 0.7 ± 0.6 2-years of needles 119.1 ± 1.0 140.9 ± 5.6 5.2 ± 0.6 17.1 ± 2.8 47.4 ± 0.8 0.6 ± 0.3
Pinus wallichiana 1-year of needles 17.9 ± 1.5 263.1 ± 8.4 10.9 ± 1.0 15.8 ± 3.1 18.6 ± 1.5 0.2 ± 0.1 2-years of needles 21.3 ± 0.3 298.6 ± 3.6 11.2 ± 0.7 16.6 ± 1.5 26.3 ± 1.0 0.6 ± 0.1 gra) to 10.1 mg/kg (P. armandii). From among the examined metals, cadmium was found in the lowest quantities, having the values from 0.8 mg/kg (P. banksiana) to 2.5 mg/kg (P. armandii). The results obtained from the research showed the statistically significant differences in the concentration of Mn, Fe, Cu, Ni and Zn in the bark of the species Pinus (Tab. 4). In order to identify factors determining the chemical composition of the bark, Principal Components Analysis (PCA) was applied. pH and concentrations of Mn, Fe, Cu, Ni, Zn and Cd in the bark were used for calculation, depending on the species. 2 independent factors explaining 73% of variance of chemical composition of the examined bark samples were used as the main components (Tab. 5). For interpretation of data, only such values of the factor loadings were used, Cd 2.5 ± 0.9 0.8 ± 0.5 2.4 ± 0.8 1.2 ± 0.7 2.1 ± 1.6 1.9 ± 0.9 6.9527 0.2242
Note: the gray p-values are statistically significant. 
dIscussIon
Physicochemical properties of soil
The main deciding factor for availability of heavy metals for plants is the reaction of soil. The solubility of heavy metals is low in the neutral and alkaline reactions, and increases with the lowering of pH value (Gworek 2006) , thereby increasing the bioaccumulation factors in plants (Gębski 1998) . Increase of mobility of Zn, Mn and Cd is most effective with pH = 6.0, Fe at pH = 4.0, while Ni and Cu at pH = 5.5. Manganese, however, is characterized by increased solubility in alkaline environment as well (Alloway 1995) . Dead plant remains which constitute an important link in the circulation of matter and energy flow constitute the source of organic matter. Its quantity and quality influences the characteristics of the soil and nutrition for the plants (Astel et al. 2009; Polláková et al. 2015) . Increased organic matter content in the surface layers of soil is a result of systematic influx of organic deposition that takes place throughout the year (Astel et al. 2009 ); its distribution depends on the species and qualitative properties of the tree stand (Jonczak et al. 2015) . The largest quantities of organic matter were found in the soil under the tree stands of P. armandii and P. nigra, which result most probably from a slower speed of decomposition of their organic remains.
According to Kabata-Pendias and Pendias (1999) , the occurrence of trace elements in the soil depends on their content in the parent rock and on the character of the soil creation processes. Atmospheric dust deposition, which is a carrier of many heavy metals, especially at the areas under influence of anthropogenic factors, had vital impact on concentration of trace elements in the surface layer of the soil (Tainio et al. 2010; Parzych and Jonczak 2014; Rapport 2016) . Metals deposited in the surface layer of soil are bound by the constant phase of the soil, absorbed by organisms and undergo migration along with water filtering in. The quantity of bioavailable forms of heavy metals is strictly dependent on the soil reaction and organic matter content (Parzych and Jonczak 2013) . Increase of Mn and Fe content in the soil along with the depth under the three stand of P. banksiana, is an effect of increase of acidity of the soil in the layers 0.2-0.4 m and 0.4-0.6 m in relation to the layer 0.0-0.2 m. Acidification causes washing out of soluble forms of manganese and iron to the deeper layers of the soil. Similar phenomenon was observed under the tree stand of P. sylvestris at the area of Słowiński National Park (northern Poland), (Parzych and Jonczak 2013) .
Physicochemical properties of Pinus species
Strong acidic reaction of the needles of the species of Pinus is characteristic for the coniferous tree stands, and in the case of P. sylvestris, it reaches the values of pH = 3.0-3.2 (Świercz 2006) . The influence of external factors, such as alkaline emission, substantially lowers the acidity of needles of P. sylvestris (pH = 4.8-5.3) (Świercz 2003) .
Concentrations of trace elements in the needles of the examined species of Pinus were relatively low, except for nickel (P. armandii, P. sylvestris, P. wallchiana) and cadmium, (P. armandii, P. banksiana), which showed increased levels of these metals. Small content of metals in the needles was a result of limited availability of particular metals from the soil due to pH. From among the examined metals, iron dominated in all the samples (Fig. 1) , not exceeding however, the acceptable level (<375 mg/kg) (Kabata-Pendias and Pendias 1999). Iron content in the samples of needles P. nigra from Košice were slightly higher than the ones which were found at the territory of Poland at the Słowiński National Park (SPN) (Parzych and Sobisz 2012) , which reflects the impact of anthropogenic factors. Low content of Mn in the needles of P. wallchiana resulted from the negative reaction of the soil (Tab. 1), where manganese was available for plants to a small extent. Physiological demand of most plants for Mn is usually from 10 to 25 mg/kg. Toxic levels were found in none of the examined samples of the needles (>500 mg/kg) (Kabata-Pendias and Pendias 1999). Substantially higher Mn content was found in the needles of P. sylvestris and P. nigra at the area of SPN due to strongly acidic reaction of soils increasing the availability of manganese compounds for the root system. Concentrations of zinc in the needles of the examined species of Pinus were close to the results obtained in the case of P. sylvestris and P. nigra at the area of SPN (Parzych and Sobisz 2012) . The average zinc content in the over-ground parts of the plants, which were not under the impact of pollution, usually remains at the level of 10-70 mg/kg. To cover the physiological needs of most plants, sufficient concentration of zinc in the leaves is within 15-30 mg/kg, and copper at the level of 4-5 mg/kg. However, the average Cu content in over ground parts of the plants is usually from 5 to 20 mg/kg (Kabata-Pendias and Pendias 1999) and is highly diversified depending on the part of the plant, species and genus. However, Cadmium as a toxic metal, is accumulated by plants in a passive way (Baran and Jasiewicz 2009) . Concentrations of Cd in the needles of the species Pinus represent little contamination of soils under the examined tree stands. The accumulative properties of the needles in relation to Mn, Fe, Cu, Ni, Zn and Cd indicate mutual similarities between some species of Pinus. In group I, P. armandii, P. banksiana and P. sylvestris are found, which have needles characterized by a relatively high iron, manganese and zinc content (Fe > Mn > Zn) and P. mugo, P. nigra and P. wallchiana, characterized by a high concentration of iron, zinc and manganese (Fe>Zn>Mn) . Differences in accumulation of Zn and Mn in the needles of P. sylvestris and P. nigra was also found during the research done by Parzych and Sobisz (2012) .
Physicochemical properties of bark
The tissue covering the plants is a very important and exceptionally sensitive bio-indicator of pollution of the natural environment. The test results confirmed that pH of the bark of trees is characteristic for the species and has the values of pH from 3.0 to 5.5 (Marmor and Randlane 2007) . The reaction of the bark depends also on the age, health status of the trees and the properties of the substratum on which it grows (Chrzan 2013) . The test results in the literature indicate that the bark of P. sylvestris shows a strongly acidic reaction with pH within 3. 1-3.3 (Marko-Worłowska et al. 2010 ) and 3.1-3.9 (Chrzan 2013) . Moreover, the bark of coniferous trees is characterized by higher acidity than the bark of leafy trees (Chrzan et al. 2010) . The bark of the trees, depending on the structure and porosity, arrests the dust and aerosols in the quantities proportional to their surface (Chrzan 2013) , sometimes showing even higher concentrations of a given metal than in the soil (Kuang et al. 2007 ). The obtained results of the research indicate that the highest quantities of Mn, Fe, Cu and Cd were accumulated by the bark of P. armandii, nickel by the bark of P. sylvestris, and Cu by the bark of P. mugo. The research done by Rykowska and Wasiak (2009) proves that the accumulation of heavy metals in the bark of the trees strongly depends on the species and on the impact of anthropogenic factors, which is also confirmed by the research concerning P. armandii, P. banksiana, P. mugo, P. nigra, P. sylvestris and P. wallichiana from Košice. As per Chrzan et al. (2010) , the coniferous trees accumulate metals in higher quantities than the leafy species. The bark of Pinus sylvestris can accumulate from 32.4 to 143.3 mg/kg Zn (Chrzan 2013) , and the bark of Robinia pseudoacacia from 1.4 mg/kg to 26.9 mg/kg Zn (Kraszkiewicz 2010) .
The results of the factor analysis clearly diversify the sources of origin of heavy metals in the bark of the examined species Pinus. Factor 1 indicates the origin of iron and manganese for the same local sources of pollution, such as iron processing, machine and textile industry functioning in the area of Košice. Factor 2 comprises nickel and zinc, which are most often sourced from the atmospheric precipitation originating from industry, communication and transport (Rapport 2016).
conclusIons
The examined soils were abundant at an average level in the basic micro components, contained small quantities of cadmium, and their availability for trees depended on soil reaction. From among the tested species, the needles of P. banksiana were characterized by the highest level of acidity that had an impact on the soil reaction under the tree stand and on the higher accumulation of Fe and Mn in the needles.
In most cases, higher levels of content of those metals was determined in the 2 years old needles, except for Cu and Zn (P. banksiana) as well as Zn (P. nigra), in which case, higher concentration of metals in 1 year old needles was determined. This indicates a greater sensitivity of the needles of these species to Cu and Zn. From among the examined elements, Mn was accumulated in the largest volume in the needles of P. banksiana, Fe and Cu in the needles of P. wallchiana, Ni in the needles of P. sylvestris, Zn in the needles of P. nigra, and Cd in the needles of P. armandii. Chemical analyses of the needles of P. armandii, P. sylvestris and P. wallchiana indicate a small pollution of the tested area with nickel and the needles of P. armandii and P. banksiana show increased content of cadmium. The examined bark samples indicated strongly acidic reaction. The highest quantities of Mn, Fe, Cu and Cd were accumulated by the bark of P. armandii, Ni by the bark of P. sylvestris, and Cu by the bark of P. mugo.
